The histological, histochemical, and ultrastructural features of a granular cell tumor in the wall of the right atrium of the heart in a nine-year-old dog are described. The histologic appearance of the mass varied from areas of spindleshaped cells to sheets of globoid cells with foamy granular cytoplasm. The globoid neoplastic cells contained numerous cytoplasmic granules which were variably positive to periodic acid-Schiff staining, with and without disastase digestion. Ultrastructurally, the globoid cells had numerous various-sized, heterogeneous lysosomes with pleomorphic content. A granular cell tumor originating in the heart has not been reported previously in animals. The support for a neural origin of these tumors by the recent identification of several nervous tissue specific proteins in their granular cells is discussed.
Granular cell tumors, the so-called "granular cell tumors, though rare, generally are accepted as evidence myoblastomas," are rare in animals. Cases have been of the neoplastic nature of these lesion^.'^*'^ reported in the lung of the horse'.". 1x. 22 .13- 33 and the In man, the tumor is located most frequently in tongue of the dog.'"34 Granular cell tumors also have submucosal and subcutaneous tissues, especially in the been described in the cerebrum and meninges of both head and neck regions and has a high incidence in the the dog" and the rat.15 A transplantable granular cell t~n g u e . '~.~? Four primary granular cell tumors of the tumor has been reported in mice.'.* Recently, granular heart have been reported in man.9.25 Cardiac metastases cell variants of cutaneous basal cell tumors from three of a granular cell tumor originating in the thoracic wall dogs have been de~cribed.'~ of a 58-year-old woman recently has been reported as Abrikossoff' and Diss6 generally are credited with well.3' A granular cell tumor has not been reported giving the "granular cell" name to the granular cell arising in or near the heart in animals. In this paper we myoblastoma, l4 although histologic descriptions date report the gross, histological, histochemical, and ultraback to Muller and Virchow [cited by Hajdu, 19791 . structural characteristics of a granular cell tumor origi-The origin of granular cells still is debated, but has been nating in the heart of a dog. considered most often to have either a striated muscle or a Schwann's cell origin.'.10.''.'4.2' *--" Others suggested that the ''granular cell myoblastoma is derived from an undifferentiated mesenchymal cell that may also be the precursor of the schwannoma" and that "both schwannoma and myob1astoma are to each other as Well as to the h n e evidence suggests that the definitive granular cell in these tumors is derived from a primitive, undifferentiated, spindle-like ce11.3.x-30 This primitive cell theeretically would be the precursor of the "angulate body" cell which then progresses to the granular ell.^*'**^^ The possibility of this tumor being an accumulation of reactive histiocfles and not a neoplasm has been SUggested, but malignant transformation of granular cell
Case History
A nine-year-old female German shepherd dog had clinical disease characterized initially by coughing. Temporary remission of signs followed treatment with antibiotics and corticosteroids. Coughing recurred about a week after treatment, and the disease then progressed rapidly to include dyspnea and cyanosis. Radiographic findings after recurrence of clinical disease were pulmonary edema, increased thoracic fluid, an enlarged cardiac outline, and an increased density in the area of the base of the heart. The dog was killed when a nonresectable cardiac mass was found during an exploratory thoracotomy. which are
Materials and Methods
Sections of the heart and the attached mass were fixed in 10% neutral buffered formalin and submitted to the Veteri-nary Laboratory Services, Ontario Ministry of Agriculture and Food, Huron Park, Ontario, Canada. Formalin-fixed tissue was embedded in paraffin, sectioned at 6 pm, and stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS) with and without diastase digestion, alcian blue, Masson's trichrome, Gordon and Sweet's reticulin stain, Verhoeff s elastin stain, oil red 0, toluidine blue, Ziehl-Neelsen, and Perls' stains.
Formalin-fixed tissue was prepared for electron microscopy by postfixing in 1% osmium tetroxide, dehydrating with acetone, and embedding in epon. Semi-thin (I pm) sections were stained with methylene blue and examined by light microscopy. Ultra-thin sections of selected areas were stained with lead citrate and uranyl acetate and examined in a transmission electron microscope.
Results
An elongated, slightly lobulated, pink-white mass was attached to and extended above the surface of the right atrium at the base of the heart. The mass was 8 cm x 4.5 cm X 4.5 cm, firm, white on cut surface, and completely within the pericardial sac. It did not invade the atrial chamber. The pericardial sac was distended markedly with clear yellow fluid. A large volume of clear fluid was also in the thoracic cavity. The lungs were moderately edematous.
Histologically the mass consisted of neoplastic cells in a vascularized connective tissue stroma. Cellular morphology varied from areas of primarily spindleshaped cells to other areas with large rounded or polygonal cells (figs. 1, 2). The spindle cells usually had indistinct cytoplasmic boundaries and tended to be arranged in interweaving fascicles ( fig. 1 ). Both the polygonal and the spindle cells had pale eosinophilic cytoplasm. The polygonal cells had a globoid appearance with abundant foamy granular cytoplasm and distinct cytoplasmic boundaries ( fig. 2 ). Polygonal cells had a single round eccentrically located nucleus whereas spindle cells had an oval centrally located nucleus. Both cell types had slightly vesicular nuclei with a single prominent nucleolus. There were as many as three or four mitotic figures in each high power field in the spindle cell areas but mitotic figures were rare among the globoid cells. The neoplastic spindle cells irregularly infiltrated myocardium adjacent to the mass.
Occasional lymphocytes were in the mass. Also, an organizing intraluminal thrombus was present in the right atrial appendage.
The cytoplasmic granules in the globoid cells were stained positively with alcian blue and variably positive with PAS ( fig. 2) ; pretreatment of parafin sections with diastase did not alter the staining afinity of the granules. The cytoplasmic granules were not differentially stained with oil red 0, tuluidine blue, Ziehl-Neelsen, or Perls' stains. Collagen, elastin, and reticulin fibers interweaving around groups of neoplastic cells were stained differentially with Masson's trichrome, Verhoeffs elastin, and Gordon and Sweet stains, respectively.
The neoplastic cells varied considerably in ultrastructural morphology. The most striking cell type was a large globoid, polygonal cell ( fig. 3 ). Typically, these large cells had cytoplasm engorged with single membrane-bound structures considered to be lysosomes (figs. 3, 4). These lysosomes usually had a variably granular pleomorphic electron-dense content ( fig. 4) . Some lysosomes contained membranous or vesicular structures. Mitochondria and rough endoplasmic reticulum were present consistently but occupied proportionally less of the cytoplasm in those cells with the greatest number of lysosomes. Rough endoplasmic reticulum was dilated mildly or moderately with a homogeneous electron-dense content. Nuclei were round to oval and had smooth contours, dispersed chromatin, and a single nucleolus. The nuclei were positioned at the periphery of the cells. These neoplastic cells were individual or in small clusters, separated by variable amounts of collagen fibers. Plasma membranes of adjacent cells were in close apposition and occasionally had mild interdigitation.
At the opposite extreme in morphologic variation were spindle-shaped cells, usually arranged in small fig. 5 ). Spindle-shaped cells had oval to elongate centralized nuclei, prominent rough endoplasmic reticulum, a moderate number of mitochondria and occasionally some cytoplasmic filaments. Adjacent cells had interweaving of processes and had close apposition of plasma membranes where the cells were not separated by collagen fibers. Some cells had marked dilation of rough endoplasmic reticulum with a homogeneous electron-dense content. These cells rarely contained lysosomes.
There was a progression of cell types between the cytologic features of the globoid cells engorged with lysosomes and the spindle-shaped cells. Intermediate types of cells had more rounded outlines than the spindle-shaped cells and had lysosomal granules that increased in number and size in proportion to the increased total volume of cytoplasm. A few cells had a prominent Golgi apparatus and small cytoplasmic vesicles. Cell junctions were inconspicuous but a few in-termediate junctions occurred. Some cells had localized condensed homogeneous electron-dense material resembling basement membrane-on the outside of the plasma membrane. None of the neoplastic cells had a continuous basement membrane. No intercalated disks or Z band-like material were seen.
Discussion
Histologically and ultrastructurally, the cardiac mass in our dog consisted of cells ranging from elongated, spindle-shaped cells to large, polygonal, globoid cells. Although primary cardiac neoplasms are rare in an-imal~:'~ myxoma, rhabdomyoma, schwannoma, and neoplastic proliferation of the endocardiac cushion are primary neoplasms identified in the heart4*24 and all were considered in the diagnosis of this tumor. An aortic body tumor starting at the base of the heart and extending into the right atrium was also a p~ssibility.~~ Hemangioendothelioma probably is the most common tumor found in the right atrium of the dog,I7 and therefore had to be considered. The ultrastructural characteristics, however, clearly established the granular cell nature of our neoplasm to the exclusion of all of the above.
Histochemically, the granules in our tumor were positive with alcian blue stain, but they were only variably positive with the PAS staining. This variability to PAS staining previously has been noted in some granular cell turn or^^.'^.^^ and may be accounted for by the type and amount of material in the l y~o s o m e s .~.~~ Angulate bodies, the intracytoplasmic granules filled with 8 to 10 nm fibrils in the intermediate cells of some granular cell tumors," were not found in our neoplasm. Angulate bodies and angulate body cells, however, are not described in all granular cell turn or^^.**.^^-^^ and were described in only one equine and one canine granular cell tumor previously No longspaced collagen with axial periodicity greater than 64 to 68 nm was found in our granular cell tumor either. Long-spaced collagen has been seen in various tissues and in some granular cell tumors. It is unusual, however, except in neural tissue and in ~chwannomas.~~ Long-spaced collagen in granular cell tumors may be coincidental-not a feature specific for the tumor. 21 The term "granular cell tumor" is prefenred to the former designation of "granular cell myoblastoma" because the concept of a muscle origin for this neoplasm is unsubstantiated. It must be cautioned, however, that although descriptive, "granular cell tumor" is not a precise term since it could be used to name any neoplasms with cells having granular cytoplasm-regardless of hist~genesis.~~ No histogenesis of our granular cell tumor could be established. There was a total absence of any features suggestive of a striated or cardiac muscle origin despite the cardiac location of our neoplasm. No intercalated disks, Z band-like material, remnants of sarcomeres, or any structures resembling cardiac muscle were seen in the neoplastic cells. In this respect our findings are similar to those reported in a study of the ultrastructure of primary cardiac granular cell tumors? In our dog the cardiac mass was located in the atrium. Interestingly, the other primary cardiac granular cell tumors reported to date all have been in the atrium or on the epicardium.'.26 These sites are supplied by numerous nerve fibers and lend further support to the suggestion that the tumor may be of neural origin.' Substantial and more direct support for a neural origin recently has been presented in three separate studies demonstrating S 100 protein in granular cell turn or^.^.'^*^^ Neurone specific enolase" and two peripheral nerve myelin proteins (P2 protein and PO protein)'' also have been identified in granular cell tumors. The localization of these nervous tissue specific proteins in granular cell tumors strongly supports the theory of a neural origin for these tumors.
